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EXPERIENCES WITH THE ‘VENUS’ HEART METHOD FOR 
DETERMINING ACETYLCHOLINE! 


By Dona_Lp B. Tower? AND DoNALD MCEACHERN® 


Abstract 


Experiences with a little known method for determining acetylcholine in 
biological materials are reported. The test object is the isolated ventricle of 
the quahaug, Venus mercenaria, a preparation that is stable for many hours. 
Its minimal sensitivity for acetylcholine is between 0.005 and 0.01 ygm. %. 
The method is simple and highly specific, and the preparation may be used 
repeatedly, as often asevery 5to10 min. Details of the method with illustrative 
results are given. 


Introduction 


The detailed study of inter- and intracellular metabolism demands precise 
micro methods for the analysis of cell enzymes, substrates, and metabolites. 
This is particularly true for a substance such as acetylcholine that is active 
in very minute quantities. Present methods for the determination of acetyl- 
choline are not satisfactory because of (a) their lack of sensitivity to micro 
amounts of acetylcholine, (6) the instability of the acetylcholine molecule, and 
(c) the chemical and pharmacological similarity of acetylcholine to other 
constituents of biological materials. Chemical analysis will not detect less 
than about 0.1 mgm. of pure substance. The inherent difficulties in the use 
of established biological methods are well known and will not be discussed. 


We wish to report our experiences with a little known method of high 
sensitivity and specificity, employing the isolated ventricle of the mollusc, 
Venus mercenaria. This is the familiar salt water quahaug. The sensitivity 
of the ‘Venus’ heart to acetylcholine was originally reported by Prosser and 
Prosser (7) in 1937 and has been further studied by Smith and Levin (9), 
Jullien et al. (4), Smith and Glick (8), and Prosser (6). Adaptation of the 
method for biological assay of acetylcholine was described in 1943 by Wait (10) 
and subsequently by Welsh (11). Comparison with other biological methods 
of assay for acetylcholine demonstrates the high’sensitivity of the isolated 
‘Venus’ ventricle (see Table I) (1; 3, p. 327; 10). 


1 Manuscript received December 22, 1947. 

Contribution from the Department of Neurology and Neurosurgery, McGill University, 
and the Montreal Neurological Institute, Montreal, Que. This study was supported by a grant 
from the Rockefeller Foundation. 

2 Senior Fellow in Neurochemistry, Montreal Neurological Institute. 


3 Associate Professor of Neurology, McGill University, and Chief of the Neurological Service, 
Montreal Neurological Institute. 
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Method 


The fresh molluscs may be obtained inexpensively from various biological 
supply houses.* They are easily stored by simple dry refrigeration at about 
5° C. and remain in satisfactory condition for at least two weeks. The test 


TABLE I 


SENSITIVITIES OF SOME BIOLOGICAL METHODS FOR THE DETERMINATION OF 
ACETYLCHOLINE 


Minimal amount detectable, 
Preparation in %* 
(1 ; 3, p. 327; 10) 


Frog rectus abdominis (eserinized) 2.0 
Frog heart (Straub’s method) 1.0 
Dorsal leech muscle (eserinized) 0.2 
Isolated ventricle of Venus mercenaria 0 


* ugm. % = micrograms per 100 milliliters. 


preparation can be set up with ease and rapidity. The hinge overlying the 
heart is located and both shells are cracked to allow uncapping of the peri- 
cardial sac (Fig. 1). The sac is entered superficially to expose the ventricle. 
Ligatures are placed at the auriculoventricular junction, and the ventricle is 
isolated by cutting it free from auricular and intestinal attachments. In the 
accompanying photograph (Fig. 1) the ventricle has been injected with a 
dye (Kiton fast green V) to allow better demonstration. Some dye has 
passed out along the intestinal vessels to outline the intestine. Ordinarily, 
however, the ventricle is seen as an almost colorless transparent organ. The 
ventricle is then mounted in a constant temperature chamber (of 10 to 20 ml. 
volume) by means of the ligatures previously tied in place (Fig. 2). Gentle 
rapid handling at this stage is the secret of obtaining a satisfactory prepar- 
ation. 

The ventricle is suspended in sea water. Where sea water is not readily 
available an artificial medium may be used, based on the analysis of the 
Venus mercenaria blood by Cole (2)¢. The latter has proved satisfactory 
in our hands. A constant temperature bath, operating in the range of 10° to 
15° C., provides added stability to the preparation, since the sensitivity of 
the organ varies slightly with temperature (10). Ventricular contractions 

* We obtained shipments of several dozen fresh Venus mercenaria every two weeks. from the 
Marine Biological Laboratories, Woods Hole, Mass. 
+ Artificial sea water formula modified from Lyman and Fleming (5), Wait (10), and Welsh 


(12) 
NaCl 30 = gm./liter NaHCO; 0.2 gm./liter 
MgSO, .7H:O $.2 Glucose 0.25 
CaCl, . H,O NaH2PO,.H2O 0.5M 1.0 mi./liter 
KCl 0.9 Na:CO; . 0.5M 0.5 


pH = 7.0t07.4 
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Fic. 1. Venus mercenaria. Technique for isolation of ventricle. 
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PLATE II 


Constont Temperature Chamba, 
for Recorémg oth 
the Ventricte of 


YENUS MERCENARIA 


Fic. 2. 1. = Constant temperature bath. 2. = Suspended ventricle. 3. = Chamber 
overflow. 4. = Sea water inflow. 5. = Air inflow. 6. = Constant temperature bath 
(lowered to permit — of chamber). 7. = Thermometer. 8. = Sea water reservoir. 
9. = Air inflow trap bottle. 10. = Light heart lever. 11. = Signal lever. 12. = Kymo- 


graph drum, 13. = Overflow graduated beaker. 14. = Overflow dish. 
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PLATE III 
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Fic. 3. Kymograph tracing of acetylcholine assay using the isolated ventricle of Venus 
mercenaria. 
Ach = Acetylcholine in ugm. %; w = Wash; h = Hydrolyzed samples; M, N, O, P = 
Samples for testing. 
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usually begin immediately and are recorded upon a smoked kymograph drum 
using a light heart lever counterweighted to 250 mgm. Gentle tension on 
the recording lever or several washings with sea water will stimulate recalci- 
trant ventricles to begin contracting. Aeration, although not necessary for 
functioning of the organ, is employed. Air is bubbled constantly through a 
small needle and keeps the bathing solution well mixed. The sea water 
medium is changed by overflow washing to avoid drying the ventricle (Fig. 2). 
The preparation reaches a steady state and is ready for testing 30 to 45 min. 
after cracking the shell. 
Results 


The effect of acetylcholine upon ventricular contractions is one of partial 
or complete inhibition of systolic contraction without significant effect upon 
the rate (Fig. 3). The extent of inhibition is dependent upon the amount of 
acetylcholine present. The threshold of the preparation is determined with 
a set of fresh aqueous solutions of known concentration. The threshold is 
usually about 0.01 ugm. %. (Occasionally it may be as low as 0.00025 
wgm. %.) Unknown solutions may then be compared. Such a record is 
illustrated in Fig. 3. Two or three generous washings and an interval of 5 to 
10 min. are sufficient to prepare the ventricle for the next test sample. 
Unknown samples are bracketed by tests on known solutions in the usual 
manner. The preparation is stable over many hours and gives a more satis- 
factory record than the frog or leech muscle. 


Since the inhibition of ventricular contraction caused by various concen- 
trations of acetylcholine is quantitative, a graph plotting percentage inhibition 
of contraction against acetylcholine concentration may be constructed. The 
graph shown in Fig. 4 is plotted from the record illustrated in Fig. 3. The 
curve is sigmoid with a linear central portion approximately as indicated (12). 
Repeated duplication of results may be obtained. 


The isolated ventricle of Venus mercenaria is highly specific (12). It is 
insensitive to most other constituents of biological tissues and fluids, in parti- 
cular potassium, histamine, and adrenaline. It is not susceptible to pH 
changes over a wide range (at least between pH 5 and 8.5). It is also insensi- 
tive to anticholinesterases such as physostigmine (eserine), prostigmine, and 
di-isopropylfluorophosphate (DFP) (4, 12). In active biological samples the 
identity of acetylcholine can be established through its destruction upon 
subjection to alkali-heat hydrolysis (as shown in Fig. 3). 


Like many biological preparations the ‘Venus’ ventricle shows seasonal 
variations in its responsiveness to acetylcholine. This is particularly notice- 
able in summer months. Dr. Welsh has brought to our attention the fact 
that poor preparations can be restored to normal by the addition of ergot 
alkaloids to the sea water medium to give a final concentration of 1 : 1,000,000 
(12). We have found ergometrine (ergonovine) the most satisfactory ergot 
derivative for this purpose. This addition will also make a good preparation 
useful again 24 hr. or more after being first set up. Ordinarily such a ventricle, 
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although still contracting after 24 hr., would have lost stability and sensitivity 
to acetylcholine. 

Our use of the method has been confined to known solutions and to samples 
of human and animal cerebrospinal fluid and blood serum. We have found 
the simplicity and superiority of this method over previous methods out- 
standing. 
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Fic.4. Venus heart. Concentration—inhibition curve. 
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THE MICRODETERMINATION OF SODIUM, POTASSIUM, 
CALCIUM, AND CHLORIDE IN A 
SINGLE PLASMA SAMPLE! 


By Joun R. 


Abstract 


A procedure involving a single protein-precipitation step for the determination 
of sodium, potassium, calcium, and chloride in a single 0.4 ml. sample of plasma 
is pam dg The chloride and sodium methods are titrimetric, the potassium 
and calcium methods are colorimetric and all are accurate within + 3%. 


During the past decade, considerable interest has been focused on plasma 
electrolyte balances, especially in so far as these are affected by various agents 
such as adrenal cortical hormones (2, 3, 5). In many such studies, the levels 
of only one or two ions, usually sodium and potassium, are followed simul- 
taneously. In the course of our present experiments on rats, it was considered 
desirable to follow the plasma levels of calcium and chloride as well as sodium 
and potassium for each animal. Using present analytical methods, this would 
require four separate plasma samples, followed by separate and different 
methods of protein precipitation. 

The procedure presented here was developed not only to simplify the 
determination of these important plasma ions, but also to enable the analyses 
to be performed without having to sacrifice the animal to obtain sufficient 
plasma. By this method, which requires only 0.4 ml. of plasma, it is possible 
to follow at regular intervals the effect of various agents on the concentrations 
and ratios of these ions and to correlate these values with other findings such 
as blood pressure and renal clearances for each individual animal. 

The analytical methods described represent adaptations of well-known 
procedures to a micro scale and to a common protein precipitation step. The 
protein-free filtrate can be stored until required for analysis. Thus, the 
number of animals used in an experiment need not be limited to the number 
that can be analyzed immediately. 

All the methods involve the use of calibration curves established by analyz- 
ing known solutions of the ions by the methods described. This allows the 
plasma concentrations of the ions to be read directly from the curves in either 
milliequivalents per liter or milligram per cent,* thus eliminating the need for 
many calculations and for standardizing the analytical reagents. Since the 
reagents used are stable with ordinary precautions, except for those used in 
the potassium analysis, they can be made up in large quantity and the calibra- 
tion curves once established are likewise constant. 


1 Manuscript received December 10, 1947. 


Contribution from the Department of Anatomy, McGill University, Montreal, Que. This 
work was supported by a grant from the Life Insurance Medical Research Fund. 


2 Life Insurance Medical Research Fellow. This work was done during the tenure of a 
Life Insurance Medical Research Fellowship. 


* Mgm. per 100 ml. 
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Procedure 


A blood sample of about 1 ml. is drawn from the animal by heart puncture 
using a 22-gauge long-bevel needle previously rinsed with an isotonic heparin 
solution. Since the potassium concentration within the red cells is about 20 
times that in the plasma, care must be taken to prevent hemolysis, which 
may occur if the blood is forced through the needle or if the syringe is wet. 
The needle is removed and the blood is transferred to a small centrifuge tube, 
which is quickly stoppered, and centrifuged immediately at high speed to 
minimize ‘chloride shift’. A 0.4 ml. sample of the plasma is added to 3.5 ml. 
of distilled water in a 15 ml. centrifuge tube. Then 1.0 ml. of 15% trichloro- 
acetic acid is added, the tube is allowed to stand for 15 min. and then centri- 
fuged. The supernatant liquid is filtered if necessary using a filter paper cut 
down to about 2 cm. to reduce the loss of liquid by absorption. This filtrate 
is stable and may be stored for future use. 


CHLORIDE ANALYSIS 
Reagents 


1. Diphenylcarbazone indicator, 0.2%—200 mgm. of diphenylcarbazone 
are made up to 100 ml. with 95% alcohol. Store in the cold and prepare 
fresh each month. 

2. Mercuric nitrate, about 0.0025 N. Dissolve 900 mgm. of reagent- 
grade mercuric nitrate dihydrate in 200 ml. of distilled water plus 40 ml. of 
2N nitric acid and make up to 2 liters. 


3. Sodium hydroxide, about 0.2N. Dissolve 16 gm. of reagent-grade 
sodium hydroxide in distilled water and dilute to 2 liters. The strength of 
the solution is adjusted by the addition of 5N sodium hydroxide or by dilution 
with distilled water so that the addition of 1 ml. just gives an end point with 
bromcresol green indicator when added to 1.0 ml. of protein-free filtrate plus 
1 ml. of distilled water. 

The chloride content is determined by a slight modification of the mercuric 
chloride method of Schales and Schales (6). An aliquot of the protein-free 
filtrate is titrated with mercuric nitrate using diphenylcarbazone as indicator. 
The mercuric ion reacts with the chloride ion to form mercuric chloride, which 
is soluble but undissociated. The indicator turns purple in the presence of 
an excess of free mercuric ion and gives a sharp end point. 

To 1 ml. of distilled water in a 10 ml. Erlenmeyer flask add 1.0 ml. of the 
protein-free filtrate. Add 1 ml. of the sodium hydroxide solution. This is 
to neutralize the excess acidity, for although the titration can be done directly, 


- sharper end points are obtained if the pH is about 4 to 5. Add 0.1 ml. of 


diphenylcarbazone indicator and titrate with mercuric nitrate to the first 
permanent violet color. A microburette graduated to 0.01 ml. should be 
used. The mercuric nitrate solution may be standardized against sodium 
chloride if desired but this is not necessary since the chloride content of the 
sample can be determined directly from a calibration curve between titration 
in ml. and the chloride content in milliequivalents per liter. The calibration 
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curve is established by analyzing a series of known sodium chloride solutions 
by this procedure over the range 300 to 800 mgm. %. 


Analysis of known chloride solutions in triplicate by this procedure showed 
that the analysis is accurate within + 2%. 


Sopium ANALYSIS 
Reagents 


1. Acetone wash reagent. To 2 ml. of 5% sodium chloride add 30 ml. of 


the uranyl zinc acetate reagent, allow to stand for 15 min. and then filter — 


with suction. The precipitate, sodium uranyl zinc acetate, is washed with 
alcohol, then ether. Add this amount of the triple salt to 2 liters of acetone, 
shake well, allow to stand overnight, and then filter. 


2. Ethyl alcohol, 95%. 
’ 3. Phenolphthalein indicator, 1%. 


4. Sodium hydroxide, about 0.02N. Dissolve 1.6 gm. of reagent-grade 
sodium hydroxide in distilled water and make up to 2 liters. 


5. Uranyl zinc acetate reagent. Dissolve, with heating, 77 gm. of uranium 
acetate in about 400 ml. of distilled water containing 14 ml. of glacial acetic 
acid, cool and dilute to 500 ml. in a volumetric flask. In a like manner, 
dissolve 231 gm. of zinc acetate in distilled water containing 7 ml. of glacial 
acetic acid and make up to 500 ml. Mix the two solutions while hot, allow 
to stand for several days at about 18° C., and then filter. 


The method used here is similar to that described by Weinbach (8). The 
sodium is determined by precipitation with uranyl zinc acetate in an alcoholic 
medium. The precipitate, uranyl zinc sodium acetate, is washed, dissolved 
in water free of carbon dioxide, and titrated with sodium hydroxide solution. 


To 0.5 ml. of 95% ethyl alcohol in a 15 ml. centrifuge tube add 1.0 ml. of 
the protein-free filtrate. Add 5 ml. of the uranyl zinc acetate reagent and 
allow to stand for 30 min. Then add 0.5 ml. of 95% alcohol and stir with a 
small glass rod. After 30 min., add 1 ml. of 95% alcohol and again stir up 
the fine precipitate. After a further 60 min., centrifuge for 10 min. at high 
speed, decant, or preferably siphon off the supernatant, and invert the tube 
on a piece of filter paper to drain for about 5 min. Wash the precipitate 
twice by adding 5-ml. portidns of the acetone wash reagent, shaking, centri- 
fuging, and then decanting the supernatant and allowing to drain as before. 
The precipitate is soluble in water and is transferred quantitatively to a 
50 ml. flask by washing out with 30 ml. of distilled water that has been recentiy 
boiled to free it of carbon dioxide. Add 0.1 ml. of phenolphthalein indicator 
and titrate with the sodium hydroxide solution to the first permanent pink 
color. A microburette graduated to 0.01 ml. should be used. It is not 
necessary to standardize the sodium hydroxide solution since it is prepared 
in a large quantity at the beginning of a series of experiments and the sodium 
content of the plasma in milliequivalents per liter is determined directly from 
a calibration curve between the titration of sodium hydroxide in ml. and the 
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corresponding sodium content in milliequivalents per liter. The calibration 
curve is established by analyzing known sodium chloride solutions over the 
range 300 to 900 mgm. % by this procedure, a 0.4 ml. sample of the standard 
being substituted for plasma, with the exception that the pH of the filtrate 
in this case should be adjusted to that of the protein-free filtrate using a pH 
meter and adding a few crystals of reagent-grade potassium carbonate. 
Plasma values read from a calibration curve established directly without this 
pH correction are about 5% too high. The reagents can be checked from 
time to time by analyzing these known solutions, which are stable, and the 
calibration curve corrected if necessary, although this is not likely if care is 
taken to keep the sodium hydroxide solution free of carbon dioxide. 

Analysis of known sodium solutions in triplicate by this procedure showed 
that the analysis is accurate within + 2%. 


Sodium content in milliequivalents per liter 


_ mgm. % sodium chloride _ 
5.85 


Potassium ANALYsIs 
Reagents 
1. Hydrochloric acid, 50%. One volume of concentrated hydrochloric 
acid to one volume of water. 
2. N-(1-naphthyl)-ethylenediamine dihydrochloride, 0.1%. Dissolve 0.1 
gm. of the powder in a mixture of 90 ml. of distilled water and 10 ml. of glacial 
acetic acid. 


3. Silver nitrate, 2%. Dissolve 2 gm. of reagent-grade silver nitrate in 
98 ml. of distilled water. ‘ 


4. Silver nitrate, 40%. Dissolve 40 gm. of reagent-grade silver nitrate in 
60 ml. of distilled water. 

5. Silver cobaltinitrite reagent. Dissolve 25 gm. of crystalline cobalt 
nitrate in 50 ml. of distilled water plus 12.5 ml. of glacial acetic acid. To this 
solution add 210 ml. of a solution of sodium nitrite prepared by dissolving 
120 gm. of reagent-grade sodium nitrite in 180 ml. of distilled water. After 
mixing the two solutions, blow air through until all brown fumes have been 
driven off. This solution of sodium cobaltinitrite must be filtered each time 
before using. It is stable for about a month if stored in the cold. The silver 
cobaltinitrite is prepared fresh each day of use by adding 1 ml. of 40% silver 
nitrate to each 20 ml. of filtered sodium cobaltinitrite solution, shaking well, 
and then filtering. 

6. Sodium hydroxide, 0.2N. Dissolve 16 gm. of reagent-grade sodium 
hydroxide in distilled water and make up to 2 liters. 

7. Sulphanilamide, 0.5%. Dissolve 0.5 gm. of the pure powder in a 
mixture of 90 ml. of distilled water and 10 ml. of glacial acetic acid. 

8. Wash reagent. Mix two parts of distilled water, two parts of 95% ethyl 
alcohol, and one part of ether. 


| 
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The method used is a modification of that of Looney and Dyer (4). The 
potassium is precipitated from the protein-free and chloride-free filtrate by 
the addition of silver cobaltinitrite solution, which forms insoluble salts with 
potassium ion. The precipitate is washed free from the reagent, decomposed 
in hot, dilute sodium hydroxide, and the nitrite determined colorimetrically 
by an application of the sulphonamide method of Bratton and Marshall (1). 


To 1.0 ml. of the protein-free filtrate add 0.2 ml. of 2% silver nitrate and 
allow to stand for 30 min. Add a small plug of glass wool to the tube and 
push it down to the liquid surface. Centrifuge at high speed for 10 min. 
Push the glass wool to the bottom of the tube with a small glass rod and 
then transfer 1.0 ml. of the clear filtrate to a dry centrifuge tube. The glass 
wool serves to push down a thin film of silver chloride that is otherwise held 
on the surface of the liquid by surface tension. Add 0.5 ml. of 95% alcohol 
and place the tube in a water bath at 10° to 15°C. for 10 min. Then add 1.5 
ml. of the filtered silver cobaltinitrite reagent and leave in the water bath or 
in a refrigerator at not less than 5° C. overnight. A visual examination of the 
tubes may fail to detect much or any precipitate but after centrifuging for 
15 min. at high speed, a fine yellow precipitate appears on the bottom of the 
tubes. The supernatant liquid is carefully removed and the precipitate 
washed by adding 5-ml. portions of the wash reagent, centrifuging, decanting, 
and allowing the tubes to drain. This procedure is repeated until the wash- 
ings are clear, twice usually being sufficient. To the washed precipitate add 
5 ml. of the sodium hydroxide solution, break up the precipitate with a small 
glass rod, and place the tubes in a boiling water bath for five minutes. After 
cooling the tubes, transfer the contents quantitatively with washings with 
50 ml. of water to a 250 ml. volumetric flask. Add 1 ml. of 50% hydro- 
chloric acid and 2 ml. of 0.5% sulphanilamide solution. Mix thoroughly and 
after three minutes, add 1.5 ml. of 0.1% N-(1-naphthyl)-ethylenediamine 
dihydrochloride solution. After five minutes dilute with water to the 250 ml. 
mark, transfer a sample to a colorimeter tube, and read in a photoelectric 
colorimeter using a 525 mu filter. For a blank use a sample from a 250 ml. 
flask treated by the same procedure beginning with the addition of 5 ml. of 
alkali to a dry centrifuge tube. The potassium content is read from a calibra- 
tion curve between colorimeter readings and potassium content established 
by treating known solutions of potassium chloride over the range 5 to 30 
mgm. % of potassium (9.55 to 57.31 mgm. % potassium chloride) by this 
procedure. It has been found advisable to run a set of standards with each 
analysis since the calibration curve is not constant from day to day, 
apparently varying slightly with the freshness of the precipitating reagent 
and the time and temperature of standing. 

Analysis of known potassium solutions in triplicate by this procedure 
showed that the analysis is accurate within + 3%. 
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Catcium ANALYSIS 


Reagents 


1. Ammonium hydroxide, about 1N. Dilute 7 ml. of reagent-grade 
concentrated ammonium hydroxide to 100 ml. The strength of this solution 
is adjusted so that the addition of 0.2 ml. of it to 1.0 ml. of protein-free 
filtrate just gives an end point with bromcresol green indicator. 


2. Ammonium hydroxide, 2%. Dilute 2 ml. of concentrated ammonium 
hydroxide to 100 ml. 


3. Ammonium oxalate, saturated. Reagent-grade ammonium oxalate is 
dissolved to saturation (about 4%) in distilled water at room temperature. 


4. Ceric sulphate, 0.1N. Dissolve 4 gm. of ceric sulphate in 1N sulphuric 
acid to make 100 ml. of solution. Store in a dark bottle. 


5. Ceric sulphate, 0.001N. Dilute 1 ml. of the 0.1N ceric sulphate to 
100 ml. with 0.14 sulphuric acid. This solution is prepared fresh for use. 


6. Potassium iodide, 1%. Dissolve 1 gm. of reagent-grade potassium 
iodide in 99 ml. of distilled water. This solution is prepared fresh for use. 


7. Sulphuric acid, 1N. Add 27 ml. of reagent-grade concentrated sulphuric 
acid to about 500 ml. of distilled water and then dilute to 1 liter. 


8. Sulphuric acid, 0.2N. Dilute 200 ml. of the 1N sulphuric acid to 1 
liter with distilled water. 


9. Sulphuric acid, 0.1N. Dilute 100 ml. of the 1N sulphuric acid to 1 
liter with distilled water. 


10. Wash reagent. Mix two parts of distilled water, two parts of 95% 
ethyl alcohol, and one part of ether. 


This procedure is a modification of that described by Sendroy (7). The 
calcium is precipitated from the protein-free filtrate as calcium oxalate, which 
is washed, dried, and then dissolved in acid. A constant amount of ceric 
sulphate solution in slight excess is added and then the unreduced ceric 


sulphate determined by iodometry, the yellow color being read in a photo- 
electric colorimeter. 


In this analysis, the plasma content of the sample is read from a calibration 
curve established by analyzing solutions of known calcium content over the 
range 6 to 15 mgm. % of calcium (15.0 to 37.5 mgm. % calcium carbonate) 
by this procedure and the set of standards is run at the same time as the 
experimental samples. The standard calcium solutions are treated in exactly 
the same manner as a 0.4 ml. sample of plasma. 


To a calibrated 15 ml. centrifuge tube is added 1.0 ml. of the protein-free 
filtrate and the tube is placed in a water bath at 70°C. for five minutes. 
Then 1 ml. of saturated ammonium oxalate solution is added and the tube left 
in the water bath for 20 min. The tube is removed from the bath and 0.2 ml. 
of the ammonium hydroxide reagent is added. After being allowed to stand 
overnight at room temperature, it is centrifuged at high speed for 10 min. 
All but about 0.2 ml. of the supernatant is siphoned off using a capillary tube 
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with an upturned tip to avoid disturbing the precipitate, which is then washed 
by adding 2 ml. of 2% ammonium hydroxide, centrifuging, and siphoning off 
the supernatant as before. The precipitate is washed twice more with 2-ml. 
portions of the wash reagent. The tube is then dried in an oven at 100°C. 
for 30 min., then 2.0 ml. of 0.2N sulphuric acid is added, and the tube placed 
in a water bath at 70°C. for five minutes. To prepare a reagent blank, 
2.0 ml. of 0.2N sulphuric acid is added to a clean dry tube, which is also 
placed in the water bath. At the end of five minutes, the tubes are removed 
and allowed to cool. Then 3.0 ml. of 0.001N ceric sulphate solution are 
added to all the tubes except the reagent blank tube. To the tube of reagent 
blank are added 3.0 ml. of distilled water instead of the ceric sulphate solution. 
The tubes are placed in the water bath at 70° C. for 10 min. after which they 
are removed, allowed to cool, and then 1.0 ml. of 1% potassium iodide is 
added to each. After one minute the volume in the tubes is made up to 6 ml. 
with distilled water. The contents of the tubes are transferred to micro- 
colorimeter tubes and read in a photoelectric colorimeter using a 400 my 
filter. The colorimeter tube containing the reagent blank is placed in the 
instrument and the needle adjusted to zero. The remaining tubes are then 
read in the ordinary way. The calcium content of the plasma sample is read 
from a calibration curve between colorimeter readings and known calcium 
content of the standards run at the same time as the experimental samples. 

Analysis of known calcium solutions in triplicate by this procedure showed 
that the analysis is accurate within + 3%. 

To demonstrate the precision of the four analyses described above, the 
same blood sample was analyzed five times by these methods and the results 
are shown in Table I. 


TABLE I 
i Sodium, Chloride, Potassium, Calcium, 
Analysis No. m. e./liter m. e./liter m. e./liter m. e./liter 
1 145.2 103.8 5.5 6.2 
2 144.2 103.1 5.32 6.5 
3 143.8 °- 102.8 5.0 6.5 
4 146.4 104.4 5.8 6.7 
5 147.0 104.6 5.7 6.9 
Average 145.3 103.7 5.4 6.6 
Standard 
deviation +1.4 +0.8 +0.3 +0.3 


The plasma obtained from a series of normal male white rats maintained 
on Purina Fox Chow and tap water ad libitum was analyzed by this procedure. 
Eight typical results selected at random from this series are presented in 
Table II. 
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TABLE II 
| PLASMA CONCENTRATIONS OF SODIUM, POTASSIUM, CHLORIDE, AND CALCIUM 
‘ No Wt Chloride, Sodium, Potassium, Calcium, 
2 : m. e./liter m. e./liter m. e./liter m. e./liter 
1 189 106.8 142.5 7.0 6.2 
2 179 104.5 143.6 4.9 6.2 
| 3 190 102.5 144.2 5.8 6.5 
4 182 104.5 142.5 4.9 6.5 
5 182 104.5 144.2 5.5 6.2 
6 175 103.6 150.4 4.2 6.5 
7 142 103.8 145.3 6.0 6.7 
8 176 104.1 140.5 6.2 7.0 
Average 104.3 144.1 5.3 6.5 
Standard deviation +1.2 +2.9 +0.9 +0.3 
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